A polyoxometalate compound consisting of monovacant Keggin anions and trivalent lanthanide cations, K 2 H 2 {Ce(H 2 O) 6 [Ce(H 2 O) 2 (α-SiW 11 O 39 )]} 2 ·26H 2 O (1), has been synthesized and characterized by elemental analysis, IR and UV spectroscopy, TG analysis, and single crystal X-ray diffraction. Compound 1 crystallizes in the triclinic system with space group P1. The coordination of the monovacant Keggin anions and the Ce 3+ ions creates a double-chain structure. The K + cations link the double-chains to form corrugated layers, and the layers are further connected into a 3D architecture through hydrogen bonds. A variable temperature magnetic study indicates antiferromagnetic coupling in compound 1.
Introduction
Because of their wide range of topologies and a multitude of interesting properties, the polyoxometalates (POMs) have attracted increasing attention over the past decades [1, 2] , and have found applications in fields like catalysis, medicine, analytical chemistry, separation science, molecular electronics, etc. [3 -7] . To date, the famous Keggin anion [XM 12 O 40 ] n− and its derivatives have been studied most owing to the electronic versatility and structural diversity [8] . It is well known that monovacant Keggin POMs are easily obtained by removing one WO 4+ unit at a special pH value of their solutions [9] . These species have great ability to bind transition metal and rare-earth metal cations at their defect sites [10] . Compared with transition-metal cations, rare-earth ions with larger sizes and higher coordination numbers are suitable for linking polyoxoanions together to form new classes of structures. After Peacock and Weakley's preparation of 1 : 2 [Ln(SiW 11 [12] . The eight oxygen atoms coordinated to the Ce(1) cation form a bicapped trigonal prism (Fig. 2) , which is one of the common coordination arrangements for complexes with a coordination number of 8 [20, 21] . The groups of O14, O21, O40 and O8, O11, O17 form the two trigonal planes, while the two terminal oxygen atoms (O24, O25) from the [α-SiW 11 zigzag chain. As a result, compound 1 displays a novel one-dimensional double-chain structure (Fig. 3) . In addition to two terminal oxygen atoms of the two [α-SiW 11 O 39 ] 8− anions, the coordination environment of the Ce(2) cation center is completed by six water molecules (d(Ce-OH 2 ) 2.52(2) -2.746(19)Å). The coordination sphere of the eight-coordinate Ce(2) cation displays a distorted tricapped trigonal prism configuration. The groups of O2w, O9w, O41 and O1w, O6w, O7w form the two trigonal planes, and O18 and O8w occupy the cap sites.
K + cations link the double-chains to form an infinite corrugated layer structure (Fig. 4) . The coordination sphere of the K + cation is defined by two terminal oxygen atoms (O13 and O30) and one bridging oxygen atom (O35) from the [α-SiW 11 O 39 ] 8− anion of a double-chain, two terminal oxygen atoms (O15 Due to the existence of coordinated and interstitial water molecules, there are multifold hydrogen bonds between the layers with O···O distances in the range of 2.514 -3.035Å to form a three-dimensional architecture.
FT-IR spectrum
The IR spectrum of 1 shows that the POM anions are in the basic Keggin structure. O [23] , the IR spectrum indicates that the polyoxoanions in compound 1 are slightly distorted due to the incorporation of Ce III ions. The strong peak at 1620 cm −1 is assigned to the deformation vibrations of interstitial and coordinated water molecules.
UV spectrum
The UV spectrum of 1 in aqueous solution shows three absorption bands at approximately 195, 222 and 251 nm. The absorption at 195 nm is attributed to the O d → W charge transfer. The absorptions at 222 and 251 nm can be ascribed to f → f transitions of Ce III consistent with reference [24] . The absorption of O b/c → W (expected at ca. 250 -270 nm) [25] might be overlapped by this band.
TG analysis
The TG curve of 1 in the temperature range of 30 -600
• C shows a total weight loss of 11.5 % which is in good agreement with the calculated value of 11.2 %, corresponding to the removal of all water molecules. The sample weight was unchanged at temperatures higher than 552 • C.
Magnetic properties
The variable-temperature magnetic susceptibility of 1 was studied in the temperature range of 2 -300 K. The experimental data plotted as χ m versus T are shown in Fig. 6 , the χ m T vs. T curve given as an inset. As the temperature decreases, the χ m value increases from 0.015 cm 3 mol −1 at 300 K to a maximum of 0.79 cm 3 of 1 may be due to superexchange interactions between the Ce(2) ions through the WO 6 octahedra [26] . As the temperature decreases from 94 to 2 K, the deviation from the Curie-Weiss law of the magnetic susceptibility indicates the presence of strong spin-orbit coupling interactions and a crystal field effect at low temperature.
Conclusions
In summary, a new complex 1 has been synthesized and structurally characterized. Because of the different coordination of the Ce III cations with [α-SiW 11 O 39 ] 8− anions, a novel one-dimensional double-chain structure is constructed. The magnetic studies of compound 1 demonstrate an anti-ferromagnetic superexchange interaction between the Ce(2) ions. In future work, we will explore if other lanthanides can form an analogous structure or if novel Keggin polyoxoanionbased extended structures can be realized by adding appropriate ligands.
Experimental Section

General procedures
All reagents were purchased and used without further purification. α-H 4 SiW 12 O 40 was synthesized according to published procedures [23] and identified by its IR spectrum. Elemental analyses (W, Ce, K) were carried out with a Leaman inductively coupled plasma (ICP) spectrometer. The IR spectrum with KBr pellets was obtained on an Alpha Centaur FT/IR spectrometer in the 400 -4000 cm −1 region. The UV spectrum was recorded on a 756 CRT UV/Vis spectrophotometer. TG analysis was performed on a PerkinElmer TGA7 instrument in an atmosphere of N 2 with a heating rate of 10 • C min −1 . The variable temperature magnetic susceptibility measurements for 1 were carried out on a Quantum Design MPMS-5SQUID magnetometer with an applied field of 1000 Oe. A diamagnetic correction was estimated from Pascal's constants. 6 (0.39 g, 0.13 mmol) was added, and the mixture was stirred for 15 min. The pH value of the resulting solution was adjusted to 6.23 with KOH (1 mol · L −1 ), and then the solution was stirred for ca. 1 h. Cooled to r. t., the solution was filtered and concentrated under ambient conditions. After 27 d, yellow crystals suitable for X-ray diffraction were 
Synthesis of K 2 H 2 {Ce(H 2 O)
R1 = Σ F o | − |F c /Σ|F o |; wR2 = Σ[w(F o 2 − F c 2 ) 2 ] / Σ[w(F o 2 ) 2 ] 1/2 .
X-Ray crystallography
The data were collected on a Bruker Smart CCD diffractometer with graphite-monochromated MoK α radiation at 293 K. An empirical absorption correction was applied.
The structure was solved by Direct Methods using the program SHELXS-97 and refined by full-matrix least-squares methods on F 2 using SHELXL-97 [27] . All non-hydrogen atoms were refined anisotropically. A summary of the crystallographic data and structure determination is listed in Table 1 , and selected bond lengths are presented in Table 2 . The appearance of a peak of −7.85 eÅ −3 0.6Å away from Ce(2) is attributed to series termination errors.
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http:// www.fiz-informationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-418602.
